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Description 



[0001] The invention relates to a method of applying a silver layer to a glass substrate, which silver layer comprises 
a first and a second silver layer, in which method the substrate is provided, after it has been activated, with the first 
silver layer from an electroless silver bath, whereafter the first silver layer is provided with the second silver layer by 
means of an electroplating process. 

[0002] Examples of glass substrates are, in particular, glass plates for use in plasma displays, cathode-ray displays, 
field-emission displays and thin electron displays in which holes are formed to transport electrons. Said glass plates 
may be constructed as control plates and provided with addressable electrodes of silver. Silver is preferred because 
it has the highest electric conductivity of all metals. This is necessary because of the small line widths of the electrode 
patterns of, typically, 100 u,m and thicknesses of approximately 2 urn 

[0003] Such a method is disclosed, inter alia, in "Electroplating of Plastics, Handbook of theory and practice, Finishing 
Publications Ltd., Hampton Hill, GB, pp. 8-9. Said handbook states that, for example, glass can be provided with a 
silver layer by means of a wet-chemical process, which silver layer is obtained by chemical reduction. Owing to the 
low deposition rate of electroless baths, the thin silver layer is subsequently reinforced with a thicker second silver 
layer which is formed by electrolysis (electroplating). As described in said handbook, there is a risk that in the case of 
relatively thick silver layers, the internal stresses in the silver layer increase to such an extent that the silver layer and 
the substrate become detached. The adhesion between the silver layer and a glass substrate can be improved by 
mechanically roughening the substrate by means of powder blasting with, for example, aluminium-oxide particles. The 
resultant hair cracks in the glass surface are subsequently etched selectively with, in succession, an aqueous HF and 
HN0 3 solution, which results in deeper hair cracks. The silver layer to be provided is mechanically anchored to the 
substrate surface and hence adheres well thereto. 

[0004] The above-described method has a number of drawbacks. Powder blasting results in a quantity of arsenical 
chemical waste, which originates from the (borosilicate) glasses used. After use, the HF solutions employed form 
hazardous chemical waste. The mechanical strength of the glass plates having a typical thickness of only 0.4 mm is 
reduced considerably. Moreover, three additional process steps (powder blasting, HF-etching and HN0 3 -etching) are 
necessary to make the silver adhere properly. 

[0005] It is an object of the invention to provide, inter alia, a reliable method of applying a properly adhering silver 
layer to a glass substrate, in which the customary powder-blasting and etching steps are avoided. The silver layer must 
adhere well to a smooth glass substrate, in particular a glass plate. In addition, the silver layer must be resistant to 
temperatures up to 450 °C on account of subsequent process steps which are necessary to manufacture a display, 
namely resist stripping and fritting of the glass plates. In addition, the method should not require the use of expensive 
vacuum equipment. 

[0006] These objects are achieved by a method as described in the opening paragraph, which is characterized in 
accordance with the invention in that the second silver layer is applied from a cyanide-free elect rosilve ring bath in 
which silver ions are complexed with ammonia. 

[0007] Experiments carried out by the Applicant have shown that the first silver layer, which is obtained from an 
electroless silver bath, does not lead to problems regarding adhesion. Said problems do not occur until the first silver 
layer is brought into contact with a customary electrosilvering bath on the basis of alkaline silver cyanide (KAgfCN)^ 
KCN). Such electrosilvering baths are commercially available and can yield a lustrous mirror layer. If the first silver 
layer is brought into contact with such an electrosilvering bath, said silver layer becomes cracked, so that the silver 
layer can be rinsed from the glass plate by means of water. This effect does not occur if the glass plates are roughened 
in the manner described hereinabove. 

[0008] Surprisingly, it has been found that delamination of the first silver layer does not occur if, for the second layer, 
an electrosilvering bath is used in which the silver ions are complexed with ammonia instead of cyanide ions. Such a 
cyanide-free electrosilvering bath is composed, for example, of AgN0 3 , Na 3 P0 4 , ammonia and water, which leads to 
the formation of Ag(NH 3 ) 2 + ions. A large quantity of Na 3 P0 4 provides for a good electric conductivity. To improve the 
stability of the bath, preferably, H 3 P0 4 is added until a pH-value of 10-11 is achieved. The first silver layer serves as 
the cathode and is connected to the negative pole of a DC source. For the anode use is made of one or more silver 
plates. The current density used is, for example, 0.1-1 A/dm 2 . The silver layer formed has a dull-white appearance 
instead of a mirror-like appearance; however, this is not disadvantageous to the intended application. For the intended 
application, the second silver layer has a layer thickness in the range from 1 to 2um It has been found, however, that 
up to 30 ujti thick silver layers applied by means of the method in accordance with the invention adhere well to smooth 
glass surfaces. 

[0009] To apply the first silver layer, use is made of a customary electroless silver bath on the basis of an ammoniacal 
silver solution and a reduction agent, such as sucrose, formaline, hydrazine or K,Na -tart rate. A suitable electroless 
silver bath is described in example 6 of United States Patent US-A-3,960,564, in the name of the current Applicant. 
The layer thickness of the first silver layer is, for example, 100-300 nm. The deposition rate of the silver layer in such 
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a bath is approximately 300 nm/hour at 25 °C. 

[0010] To provide the first silver layer, the surface of the glass substrate must be activated. This can be achieved by 
treating the glass surface with an aqueous solution of an aminoalkyl trialkoxysilane and, subsequently, immersing it in 
an aqueous Pd-sol stabilized with polyvinyl pyrrolidone (PVP). Such an activation method is described in European 
s Patent EP-B-577187, in the name of the current Applicant. 

[0011] Preferably, the glass surface is activated with an aqueous solution of SnCI^HCI. The concentrations of the 
chemicals used are not critical. A typical activation bath comprises 5 g/l of SnCI 2 .2H 2 0 and 0.37 wt. % of HCI. The 
advantage of this activation method is that it can be carried out in one step instead of two. In addition, the chemicals 
used are cheaper. 

to [0012] The advantage of an SnCI^HCI activation manifests itself, in particular, after a thermal treatment at 160-250 
°C. This thermal treatment can be carried out after the provision of the first (electroless) silver layer or after the provision 
of the second (electrodeposited) silver layer. After a thermal treatment, the adhesion of the silver layer is much better 
than that of a silver layer whose glass surface has been activated with Pd/PVP. The pull strength of a silver layer after 
activation with Pd/PVP is found to be independent of the temperature of the thermal treatment and amounts to 1 5 MPa. 

is The pull strength of an (electroless) silver layer whose glass surface is pretreated with SnClg/HCI is 9 MPa. A thermal 
treatment of the silver layer at 160 °C and 250 °C results in an improved pull strength, respectively, of 28 and 44 MPa. 
In the latter case, fracture occurs in the glass instead of along the glass/silver interface. 

[0013] The method in accordance with the invention can be used, in particular, to manufacture selection plates and 
control plates in thin displays. An alternative method of manufacturing a selection plate for a thin electron display is 

20 described in the international Patent Application WO-A-95/27924, in the name of the current Applicant. The glass 
selection plates have a thickness of 0.4 mm and are provided with a hole pattern, for example, of 400,000 holes having 
a diameter of 400 u,m. Metal selection electrodes, which can be individually driven by means of narrow metal tracks 
on the glass plate, are provided in and around said holes. For the metal use is made of a stack of Cr/Al/Cr which is 
provided by sputtering or vapor deposition. Said metal stack is structured photolithographically, using a cataphoretic 

2S negative photoresist lacquer. In accordance with the invention, the Cr/Al/Cr stack is replaced by a silver layer comprising 
a first silver layer provided in an electroless process and a second electrodeposited silver layer provided from a cyanide- 
free bath with ammonia as the complexing agent for silver. 

[0014] The silver layer can be provided with a desired electrode pattern by subjecting it to a wet-chemical etching 
process using, for example, aqueous solutions of Fe(N0 3 ) 3 , HNO a , Ce(NH 4 ) 2 N0 3 ) 6) NH 4 N0 3 and Kl/I 2 . The advantage 
30 of the method in accordance with the invention is that it does not require expensive vacuum equipment, i.e. aluminium 
cannot be deposited from an aqueous solution. In addition, the electric conductivity of silver is better than that of other 
metals. 

[001 5] To manufacture a silver pattern, use can be made of the customary cataphoretic or non-cataphoretic photore- 
sists. 

35 [0016] These and other aspects of the invention will be apparent from and elucidated with reference to the embod- 
iments described hereinafter. 



Example 1 

40 [001 7] A smooth glass plate (type Corning 7059 borosilicate glass) having a thickness of 0.4 mm is cleaned by rinsing 
it with, in succession, deionized water, ethanol and heptane. After blow drying with nitrogen, the glass plate is subjected 
to a treatment in an UV/ozone reactor for 15 minutes. Subsequently, the glass plate is activated by immersing it, for 3 
minutes, in an aqueous solution of 5 g/l SnCl 2 .2H 2 0 and 0.37 wt. % HCI at room temperature. 
[0018] After rinsing with water, the activated glass plate is subjected to an electroless silver-plating process in a bath 

45 obtained by mixing the following constituents: 

750 ml of an aqueous solution of 10 g/l AgN0 3 . Ammonia is added to said aqueous solution until a clear solution 
is obtained. 

250 ml of an aqueous solution of 2 wt. % Na,K-tartrate. 
so - 10 ml of an aqueous solution of 25 wt. % Triton QS 15 (a surface-active substance). 

20 ml of an aqueous solution of 0.02 wt. % phenyl mercaptotetrazole. The composition of this bath corresponds 
to that mentioned in United States Patent US-A-3,960,564, in the name of the current Applicant. 

[0019] The silver-plating process is carried out at room temperature for 30 minutes. The layer thickness of the re- 
55 sultant first silver layer is 150 nm. The substrate thus formed is rinsed with water. 

[0020] To reinforce the first silver layer, the substrate is subsequently introduced into an elect rosilvering bath at room 
temperature, the composition of said bath being: 
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- 150gNa 3 PO 4 .12H 2 O 

- 24 g AgN0 3 

84 ml ammonia (25 wt. %) 
1000 ml deionized water 

- H3PO4 (85 wt.%) until pH = 1 0 - 1 1 . 

[0021] The silver layer on the substrate is connected to the negative pole of a direct -current source. The positive 
pole is connected to two silver electrodes situated on either side of the substrate. 

[0022] The current density is 0.05 A/dm 2 for 30 seconds. Subsequently, the current density is increased to 0. 13 A/ 
dm 2 for 30 seconds, whereafter the current density is set at 0.45 A/dm 2 . The layer thickness of the electrodeposited 
silver layer is 2 ujti; the overall layer thickness of the silver coating is 2.15 urn. 

[0023] The pull strength is measured by means of a DPO (Direct Pull-Off) measurement. To this end, the head of an 
aluminium stud is glued onto the silver layer by means of a two-component epoxy adhesive. Subsequently, the stud 
is used to exert a pull force at right angles to the silver layer. The force at which fracture occurs is determined and 
serves as a measure for the pull strength. The pull strength of the silver layer in accordance with the invention is 9 
MPa. Fracture occurs along the glass/silver layer interface. The silver layer can withstand a thermal treatment at 450 
°C for 1 hour without the adhesion or the quality of the silver layer being adversely affected. 

Example 2 

[0024] Example 1 is repeated, and after the provision of the first silver layer, the substrate is subjected to a number 
of thermal treatments in air. The results of the DPO measurements are listed in the Table. The place of fracture is also 
indicated in the third column of said Table. 



TABLE 



thermal treatment 


pull strength (MPa) 


place of fracture 


60°C (20 hours) 


9 + 3 


glass/silver 


160°C ( 1 hour) 


28 ±5 


glass/silver 


250°C (0.5 hour) 


44 ±7 


glass 



[0025] The Table further shows that the pull strength of the silver layer is improved substantially after a thermal 
treatment at 160-250 °C. This effect does not occur after an activation with Pd/PVP. 

[0026] It has been found that the provision of a second (electrodeposited) silver layer does not have any influence 
on the measuring results. 

Comparative example (not in accordance with the invention) 

[0027] Example 1 is repeated up to and including the provision of the electroless silver layer. The substrate with the 
silver layer is introduced into an electrosilvering bath having the following composition: 

- 50 g KAg(CN) 2 

- 60 g KCN 
15gK 2 C0 3 

deionized water up to a total volume of 1000 ml. 

[0028] After a residence time of several seconds in the electroplating bath, the silver layer provided in an electroless 
process is subject to crack formation. The silver layer can subsequently be removed entirely from the substrate by 
means of water: the pull strength is 0 MPa. 

[0029] The method in accordance with the invention enables properly adhering silver layers to be formed on smooth 
glass substrates, in particular (sheet) glass plates, by means of a wet -chemical process. The resultant silver layers 
can withstand temperatures up to at least 450 °C without becoming detached from the glass surface. 



Claims 

1. A method of applying a silver layer to a glass substrate, which silver layer comprises a first and a second silver 
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layer, in which method the substrate is provided, after it has been activated, with the first silver layer from an 
electroless silver bath, whereafter the first silver layer is provided with the second silver layer by means of an 
electroplating process, characterized in that the second silver layer is provided from a cyanide-free electrosih/ering 
bath in which silver ions are complexed with ammonia. 

2. A method as claimed in Claim 1, characterized in that an aqueous solution of AgN0 3 , Na 3 P0 4 and ammonia is 
used as the electrosilvering bath. 

3. A method as claimed in Claim 1 , characterized in that the substrate is activated with a hydrochloric solution of SnC^. 

4. A method as claimed in Claim 3, characterized in that the silver layer is subjected to a temperature treatment at 
160-250 °C. 

5. A method as claimed in Claim 1, characterized in that a glass plate comprising a number of holes arranged in 
accordance with a pattern is used as the substrate. 

6. A method as claimed in Claim 1 , characterized in that the silver layer is photolithographically structured so as to 
form a silver pattern. 



Patentanspruche 

1. Verfahren zum Anbringen einer Silberschicht auf einem Glassubstrat, welche Silberschicht eine erste und eine 
zweite Silberschicht umfasst, in welchem Verfahren das Substrat, nachdem es aktiviert worden ist, aus einem 
stromlosen Silberbad heraus mit der ersten Silberschicht versehen wird, woraufhin die erste Silberschicht mittels 
eines galvanischen Prozesses mit der zweiten Silberschicht versehen wird, dadurch gekennzeichnet, dass die 
zweite Silberschicht aus einem cyanidfreien galvanischen Versilberungsbad heraus angebracht wird, in dem Sil- 
berionen mit Ammoniak Komplexverbindungen bilden. 

2. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, dass eine wassrige Losung aus AgN0 3 , Na 3 P0 4 und Am- 
moniak als galvanisches Versilberungsbad verwendet wird. 

3. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, dass das Substrat mit einer Hydrochlorlosung aus SnCI 2 
aktiviert wird. 

4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, dass die Silberschicht einer Temperaturbehandlung bei 
160-250 °C unterzogen wird. 

5. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, dass als Substrat eine Glasplatte mit einer Anzahl in einem 
Muster angeordneter Locher verwendet wird. 

6. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, dass die Silberschicht photolithographisch zu einem Silber- 
muster strukturiert wird. 



Revendlcations 

1. Procede pour appliquer une couche en argent sur un substrat en verre, laquelle couche en argent comprend une 
premiere couche en argent et une deuxieme couche en argent, procede selon lequel, apres activation, le substrat 
est muni de la premiere couche en argent a partir d'un bain d'argent sans courant, apres quoi la premiere couche 
en argent est munie de la deuxieme couche en argent a I'aide d'un processus de depot electrolytique, caracterise 
en ce que la deuxieme couche en argent est appliquee a partir d'un bain de d6pot Electrolytique d'argent exempt 
de cyanure dans lequel les ions argent sont complexes avec de I'ammoniac. 

2. Procede" selon la revendication 1 , caracteris6 en ce qu'une solution aqueuse de AgNc^, Na 3 P0 4 et d'ammoniac 
est utilisee comme bain d'argent de d6pot electrolytique. 

3. Procede selon la revendication 1 , caracterisS en ce que le substrat est active avec une solution chlorhydrique de 
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SnCt 2 . 

Procecte selon la revendication 3, caracterise en ce que la couche en argent est soumise a un traitement thermique 
de 160 a 250 °C. 

Procede selon la revendication 1 , caracterise en ce qu'une plaque en verre presentant un nombre determine de 
trous disposes selon une configuration est utilisee comme substrat. 

Procede selon la revendication 1, caracterise en ce que la couche en argent est structuree par voie photolitho- 
graphique de facon a former une configuration en argent. 
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